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STRA I IGRAPHY OF THE LAKE MALATA PLAYA BASIN, SOUTH AUSTRALIA 



by A. Dutkiewicz* & C. C. Von Der Borcii' 



Summary 



DurKli-wnv, A. & VON Di R Bokiii, C. C., (2002). Stratigraphy of the Lake Malata Playa Basin, South Australia. 
Tnins. R. Soc. S. Aust. 126(2), 91-102, 29 November, 2002. 

The 19 m-tliiek Late Quaternary stratigraphic sequence within Lake Malata, Eyre Peninsula is dominated by 
autodithtinous gypsum, present as relatively mud-free gypsarenites and gypsum-elay laminae overlyitig a 
skelctctal peloidal grainstone of the Bridgewater Formation near the base of the laeustrinc succession. Calcite 
and dolomite mud arc minor components of the column and several metres of these deposits appear to have been 
dellated into marginal lunettes. The skeletal peloidal grainstone has been severely modiHed by dissolution and 
formation of phreatic calcite, dolomite and gypsum eemcnt.s under alternating pluvial and arid conditions. 
Discrete units are separated by di.seonforniitie.s and attest to rapid changes in climatic and hydrologic conditions 
over the lower Eyre Peninsula, commencing with emplacement of the Bridgewater Formation ca. 400 ka. 

Ki-.y Words: Quaternary palacoclimate, salt lakes. Lake Malata, Bridgewater Formation, carbonate mud, 
gypsum, dolomite, Eyre Peninsula. 



Introcliiction 

Lake Malata is an ephemeral salt lake situated 33 
m above mean sea level in a mid-latitude region on 
lower Eyre Peninsula, South Australia (Fig. 1). It 
covers a total surface area of around 21 km-, which 
excludes numerous small deflationary playa lakes to 
the east of the main basin. Lake Greenly, 1 0 km 
south-west of Lake Malata, fonns another major 
playa lake in the region but appears not to have been 
connected to Lake Malata in the relatively recent 
past (Dutkiewicz 1996)' and indeed has a different 
stratigraphic sequence (Dutkiewicz & von der Borch 
1995). Notably, Lake Malata is dominated by 
autochtonous evaporite deposits which are 
interhedded with carbonate mud, whereas Lake 
Greenly is dominated by carbonate muds 
interbedded w'ith minor evaporites. Lake levels in 
Lake Malata fluctuate rapidly and seasonally as a 
consequence of surficial hydrological closure and 
rapid changes in the inflow-evaporation balance, 
which relies heavily on regional rainfall. During the 
wet winter season the lake retains < 0.5 m water, 
which evaporates in summer leaving behind a cm- 
thick halite crust. Although there is little direct 
evidence for the origin of the lake, 
gcomorphologically its formation appears to have 
coincided w'ith the emplacement of the Bridgewater 
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Formation sub-parabolic dunes during late 
Quaternary sea-level high stands. These dunes, 
which consist of skeletal peloidal sands, may have 
effectively dammed the pre-Pleistocene drainage 
channel thus forming local dcpocentres. Also, as the 
Bridgewater Foniiatioii forms the main recharge 
aquifer in the region, groundwater seepage along the 
dune lobes would have inv'ariably enhanced lake 
basin formation within interdunal com'dors and in 




Fig. I. Map of Eyre Peninsula showing Lake Malata and 
location ofsediment cores. 
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iiro:is of litw rcliel. l’iumim;iiL icomorpliolouiciil 
fViiuircM include oliiy pellet lunettes, gypsum lunettes 
jnd heaeh deposits alone, the enslern margins ol most 
pliiya hasiiis ( Dulkiets icz t /u/. 2(Mi2) some of which 
reach ') m in height. Apart from the sub-parahnlie 
dunes, pisolitie red soils and ealeiete id’ possible 
Tertiary age dominate the gcomorphology lo the 
south and west of the main basin ( Dutkiewie/ <.v rj/. 
2002 ). 

I his paper focuses on the sedimentary sueccssiim 
within Lake .Malala. which provides evidence of past 
HueUialions in lake level, groundwater ehenfistry. 
and yualeriiary eliiiiutes. The catbonate-evaporilc 
eyelcs renect hydrologic and gcomorphologie 
sellings ol the basin, detriuil iiillu.x. groundw'aicr 
seepage and rechtu-ge. and wind shear, which ol)eii 
redistributes surtilce water and wet sediment across 
the entire lake surface anil dellates diTi- sediment into 
iiiuigiiial lunettes. Post-deposiliontil diageiiesis of 
primary and clastic carbonates and evaporiles w ill be 
discussed briefly a.s ihose also have been iiinuenccd 
by elimalie oscillations. 

MetlitiiK 

I ho stratigraphic seituence is based chiefly on five 
diamond drill cores taken from the main basin in 
10, S7 by Giinilan and Associates Ply, Ltd. lo 
deiermine the viability of gypsum mining (fig I) 
The cores sampled the lake sci|uenec lo basement 
and ai'e available for viewing at the South Australian 
Department of Mines and linergy core library in 
(ilensidc, .Adelaide. Despite iheir delerioniled stale, 
compaction of up hO'lii and SOVk recovery, eaivltil 
sampling and detailed petrographic study ofahotil 50 
Him sections allowed a stratigraphic sueccssioii and 
palaocnvironmenUil reeonslrucliun to be esiablishcti 
for l.ake .Vtalaia. I inrorltiiiately. sediments from the 
drill cores were imsuiltible for radiocarbon and 
ibermoliimine.seonce dating due lo conlainiiialioii, 
evposiiiV to sunlight, and pmieity ofsuilable material 
available I'oi dating. Conseqtienlly. a piston coring 
method was used to .sample I.S m of fresh .sedimeni 
liom the eentei of I .oke Mal.iln (fig. I ) AMS dating 
of the hec|iieiiee. howcvei. was unsatisfactory tiue to 
high cuMCcntiatinns of Na. Mg and K salts and low 
organic carbon comems (Dutkiewie/'. lOUo)', 

All cores vverc logged and the mineralogy of 
.selected hori/.otis analysed in some iletail. 1 he eohnir 
was determined using the Munsell colour ehail, 
I Ineonsolidated material W'as wel sieved; the coarse 
Irueiion was e.vamined under a hiiinciilHr 

microscope, and the euviiposition of the fine iViielion 
determined using X-ray difl'raetion. (.'onsolidated 
mnieri.al wa.s cut perpendieiilar lo bedding, 
impregnated and used for thin sect inning. I he thin 
.sections were partly stained w ith Ah/aiiil red-S, alld 
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fig, 2. CiUTelatinn nl cores ihioiigli the laife Malnla IciHm 



studied with a polarising miemseupe. I'exttiivs and 
cements were ftirlher examined n.sing Scanning 
|■.lec•lrun Microscopy at t'fMMS.'V al Adelaide 
Liniversily, 

(iypsum samples in Imnd specimen are described 
using a grinn>si/e classification scheme of Warren 
(I9S2) while primary and .secoltdai'v gypsiun 
pelmfahric descriptions are based on eritci la outlined 
by Buvviei it feller (198b) and Magee (|90|). The 
skele(al peloidal sands ;md grainstones in Lake 
Maliita linve been eorrelaied with ealeareous 
iicolianite.s from the Dridgewaicr Tormation ii.sing 
detrit.al, mollusean. foramini feral, eehinodorm, algal, 
hryo/oal and peloidal compo-sitional classes. 

Stratigraphy 

(iypsum eoiiHliiutes al least of the hulk 

sediment within the Luke Malata basin. Carbonate 
(ealeile and dolomite) and clelrital clays form a 
relatively minor evimponent and occur as fme 
laniiilaiions or Interbeds rather than discrete units. 
However, slrandline deposits, which include several 
phases of carbonate pellet lunette and gypsum 
foredune deposilittn (Dutkievviev e/ it/. 20(l2). 
sugge.st that at le.sst 5 m of earboiiaic mud and al 
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least 10 in of 'aypsLiin siintl Inivo been rcnKitcil I'rom 
the lake basin tluiiiii; periods of deflation and 
luneile-biiikliiig spaiiniiic ca. 1 15-n La ( Ouiklewic/ 
cl lit. 21102), llulividunI iinils ctimprisino the most 
eoniplelelv sainpled .sueeessinn Irimi dniriioiid iliill 
core 011-5, whidi appears to liit\e been taken fri.im 
ibe palaeo-lake eeiiler. are discussed in dcUiil. A 
ero.o-seclion llirougli llie Lake Malata basin iisine. all 
aunlable diamond drill cores is sbonn In Figure 2. 
Lontacis between llie individual uiiil-. arc .sharp with 
disconlitnnities between units 6, 5 and 4. and fv 4 
and 3 

( n// /^a.scmcril (lll'nlhcrcii (juci.'^yi 
I'he ba.semenl consists of veliowi.sh grev, very soil 
and highly weathered gneiss which contains 
abiindani pebble and sand-sized giants of clear and 
grey i)iiart/., seiieitc anil iron ovides The gneba; is 
e.xpused arenind Ihc snulhem and ea.sleni margin of 
Lake Malala where il forms a giaben-lypc .slriicliirc. 

I nil il. r'lV/twiw-A'n.A s'eivi /riJ 
I Ills unit eonsjsls ol very- liglii grey to lighi giey, 
iieavy and very dense serieile day eoniaining 
landuiitlv-oiienied. displaeive pyramidal gypsum. 
T he gypsum is Iciiiicuhir in thin section and displays 
a diversily of uruin-si/e wiih crystals ranging from 
lessihaii 1 mm nplionnii in leitgih. I heciystalsaic 
isolaied and lack contiKT with each olhci, The pour 
soiling of llie crystals rellecis the variable porosity 
ami permeahiliiy of Ibe sericiie maliis. which 
togellier determine the m >/m growih uf the 
pyramidal gypsum. I he centres of the eiy-slal.s 
Ircviiiently display pnlycrystalline overgrowths, seen 
as disiincl cry.slal zoning umlei polarised light, bun 
oxides are commonly ineorporaled along ihe 
cleavage planes ol gypsum, fhe .serieile mail is 
ihsplavs ,1 high hirel'ringence tinder crossed polar.s 
and IS clearly ihe vveutliering product ol the 
underlying unit. Unit o is appiosimately 70 cm in 
ihiekiws.s III l.))l-5 and T ni in thickness in lJ(l-3, 
rcneeting Ihe irregnlarily in baseinenl and variable 
depih of Ihe vveaihermg zone. 

I ’nil 5 ■ l.iiiiiinaicJ (i\p\iiii nitc 
L'nii 5 eunsisis of ihiely laminated gypsaienitc. 
winch readies ttpproxmiately I m in ihickiic.ss m 
DH-.A niul cliseonliirmahly ovi-rlics Unit A (Figs 2, 
^a). Flic unit (uis not boon rveogmsed cisi-vvhc-re in 
ihe basin and pus.sibly repre.senls local dcpoMlit'ii 
w illiln a deeper, central pari oFlIic’ basin. In tact. Unit 
4 directly overlies Unit (i in all ctires with the 
cvcepiion of core Dll-5. Ihc gypsiiivniie comprises 
allcrnaling wavy mm-thicK larmnae of very light 
gioy 11110 to mc'diiim-gr.iinciL mode-rule ly to 
wdl-soricd sng.nv gy(>suni. co.-irsci gV|isinii in a 
mall I, X oJ day and duloinUe. and medium light giev 
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day which drapes the underlying .gypsnm-rieh 
laminae. Most ol' the gypsum eiwslals are prismatic 
and appear as eviuani polygons in ihin section 
tFig 3a). I'he liiier-graincd gypsum is 
closely-packed, maln\-l're-e. with only minor to trace 
•amutinls of Finc-granied iron oxides. I’risrnatic 
gyp.sum comprising Ihe coarser layers, on Ihe other 
hand, occurs m a mairi.x uf noii-orientcd day and 
carbonate, pretl<miinunlly kaoliniie and saceharoidal 
doloiilile. and displays cuiteePiriilions of inm oxides 
along; denvrge planes (Fig. .3b), Matrix-lree. 
euruse-grained gypsum is also common hid 
mpresem.s grtidinc ol Ibe liner crystals riiiher Ilian 
diseieic- laminae I)ispl;teive, Ic-iUiculdr or pyramickd 
gypsnin fcirms are rare but tieeasioiully occur w illlii'i 
(he courser eypsarenile layers, where they are 
oiieiUed randomly or sub-verlieully It) heddmg. 
I nlike ihe eiuy laminae comprising a more rceent 
und hel lei -preserved Unit .3, the day in l.inil 5 lack.s 
optical orientation. .A possible explanaliun for iliis is 
the rekiiive abundance of eonisc gi'tdns sucb as 
gypsum, quaitz and iron o.xidcs. which arc 
ineorporaled in ihc'sc laminae and pivveni the day 
parlides Ihnri becumitlg aligned. Clay uiieiltaluni 
iiKiy also be disnipied by po.sl-deposilnmal gmwili of 
gypsum vviibni overlying and underlying kiyers. 

Vni! 4' .S/lc/i-'i)/ Pt'I'iiilii! l)i'uiu\itiih' 

Dnil 4 ctmsisis of a siivngly cemented skeletal 
peloidal gramslone. which discoriformably oveiTies 
Unit 5 in DII-.5 and Lhiil b in Dll- 1 to Dll-4. Ihe 
gramsione •aluiiiis only 5u cm in thickness in L)H-5 
blit reaches a ma.ximuni thickness of .3.5 m in the 
castenriiosi basin lorr DIM. wiiei-e it forms a 
unique and complex sci]Uenee of diageiieiie 
Ciirbonale-evapiiriie (abrics. these inehicle moldie 
porosity filled by poikilolopir gypsom and 
dolomierospar (Figs 4 j, b), dulumierospar ami 
micaispar cements containing displaeive gypsum 
discoids (Fig 4e) and dolomiertispar-eoalcd 
iillochems wiih a Isle piire-lilliiig gyspsum cement 
( t ig. 4d). .\ iiosSjble e.vpjaiialmii for Ihe dilTea-iicc m 
noil tltickiiess beivvec-n HH-4 and III 1-5 is th.U 1)11-4 
is rcliiiivdy proximal lo ibe margin <if the lake and is 
better stiilcil for the deposition of sandy ncar-sht're 
facies, in particular calcaivous sands tlerived from 
siirruunding sub-parabolic dunes. In Dll-5, the 
grtiinsione is es.scolially n light olive giey. 
well-liihineil gypsiferous w-aekesloiu- wiih 
approximately 4n-6irii fabric-se.lcciivc imoldic) 
pt'rosity and displaeive. f)otirly-st,ined pyramidal 
gypsum wilhin a mrciiie malrix (figs 3f, d). The 
gypsum crystals occur as isohiled laths, characterised 
by sharp cry.slal laces indicaiing minimal 
chssoliiiioir Allhough ihe gyjisum is gciierally 
|■nndomly oi siih-vcriieally orienletl lo bedding, 
ii'idividuol crystals show a lemlency Ibr displaeive 





A DUIKII WU /X* r 1, vn\l)i u I^OKOI 



4<im» 









STKATIOKAI’m HI nil I AM MAI AlA I’L \YA BASIN, SOI Til AI STUAI lA 



•'i 




I'lfi. 4. l>li<ifimiifmyr,i|iliM nf ihc ^kck'lnl |icloiil:tl (iraiiisloiu.' In I nil 5. I liin 'icclion t;i-b| niken nnilt’r plnln li^hl. al 

Mulilii, piMii'iilv p.iriiiilt> I'illL’O li> |Mjkiliilu|)i<; k\p'’iiin- Nor mici'llr Loalliips (iiki. micniiscil alloLtiL’nis liiia). niipiy 
allnrhrnni;iil vimK (v) atcasionallj lillril by pypMiMl ip). Inlripraiiiilnr trinriil ri'nMsB alino'-l ciilircly ol' pinkilotopir 
pypiinn Ir). t>) Altocliomiral void partially Idled by anliedi'al didoinirroNparull anil pypHiim ipi liilLTpraiiiilar poi'osily 
is Idled by |mikiliHopii.' eyp'-nni ami iliilior aiiliedral ditloiitieinspiir. ei SBM innipe slimviiip ilisplaeivc pypstini diseoids 
wiiliiii 11 ilnloiTiieiospai'eali.ilc iTiieixtspar cement. dl SKM iititipe slniwiiiu a dtdomicnispar nml (di) annnid it iiiictiliscd 
idliH.liein riie rind rontls ct'itlacl siiuiiv.s vvdii tteidltboii 'inp tlololitieruspar rinds .siiminmliitp idloclicmical voids wllicli 
iiiv piirlitdly Idled by doloniicrospai (dl. Interpriiniilar eeinrnt corisisis nt poiViliiio|nc tiypsnm and spar-.c dolonticixispar. 
Note the presence ol' iitlctpi'aitiilar pyrilt (py). 



I ip .T l‘liolonticritpraplt> ol Units a. 4 ami S Inmi die laike Miilala hitsin tiikcit under plant liplit. la) iTypstiitt-clav couplets 
III I'nil 5. I lie thicker liiitiiiliie sitiisisl n1 Inie to coarsc-ernined ei|iiiinl (prisni.ilic) pypsntti (p) and Itic llinnten' laminae 
ct'Msisii ol non Diieiiied cl.iy inoc) doniiiudeil by kjidniiie. |bi Piisniiilic ei|naiil evpsiim cry.s'lals in Ifnii S. The inulns 
eoiisisls III' kiinlinilc ilikl dololtide. Iron osides ,ne cominonly mcorporaleil aloiip Ihe cleuvape planes ol pypsum. (e) 
( oinplelely Iciiehcd poriion id ilic .skelcntl |X’loidill pramsione coiopiisinp Uinl 4 Allmheimeid voiiK (v| arc prcsciil 
wiiliin II dolomienie maliiv. Tiisplacivc discoidal ipyramnlidi pypsum lei is common and olien rorms elusicrs. Id) 
AbiniiJiinl jypMiin discoids m L'nd 4 The discoids arc rinidomlv I'rienled to hculdinv: and me larely in eonnici wllb e;ii h 
odter. (e) ryi'iiitiidid uypsnin in Unit .T Noie /.iininp wiilini llic centre ol'llic crv'sial e.inseil by ibe inclusion ol iron ovides 
around a pre-e.sislinp deirilal cine orpyp.stim niielciis. ifi Poorly- r(irmed discoidal Ipyramidiilt pypsnin ei'Vsiul rrom Hie 
base ol Uinl .'. Hie centre nl the crystal is iKciipied by a i|nari/ eoie ip) ( iyp.suni discoid.s coinpri.sinp Ihe basal 
pypsaienilc in Utiil A. I lie crystals are oriented sub-veriicidly to beuilinp and slum- /oninp iicin the crv'sial cdpes related 
to di.ssobnioM and re prccipilalton o|' the gypsum in' variable uiovvtli rules of the sim.de eiy.slal. (Jiiiirt/ ( b iq) cores arc 
iiei'aMimidly present, (h) (Aire -.et lion sliowliip repularlv alleritaiiiiu lalltinite of gypslilll llleltt i and clay idii|-kj eompriainn 
Ihc gypsum-clay lainimic- in Unit ^ in Dl-T.s 
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sub-cfrculiir cluslcr arrani;L‘im.‘nl (Fig. 
roiniiiiscent of g_vp>.ile iiodule.s. I’leseivtd 
nlloolicmical componeni!. in UH-4, us well as the 
general shape tiiui si/e ol (lie voids in Iill-s, suggesl 
Ihui the porobily has resniled from a eompleie 
dissolution of slsuletal and peloidal allovliems 
souieed hy ihe Rndge\saier Formation Dctrital 
grains indude line-grained r|uari/. plagioelase and 
iron oxides, wliieli have not been al'leeled by 
dissoluiion. (iraiii eounlnig ami eluster amilysi-s, 
allliough restrieled to a small iinleadied portion of 
the nnii in nil-4. show good eoiTclaiion with ihc 
Hridgewator Formation and Ihe o m beaeh lidge 
along the eastern iTiiiigm of Lake Vlahva 
I liuikiewitv a ul. ’002). Althoiigli texuires titul 
fabrics described I'or Dll -5 aic ctuislsieiit with 
pedogenesis, in l)FI-4 the skeletal peloulijl 
gnimsioiK- has undergone extensive phrcala- 
(liageiiesis which i.s rdlecled in fabnc-seleelive 
mohfie porosity, isopachous dolomicrospai liiuls. 
mtergiamikti and imragrumilai void-filling 
doloiTiicrospar, and poikilolopic .anti voitl-i'illing 
gypsum eemeni (I ig. 4). 

lull .< ( jmliiiih'il (Jrt>\iirciiile 

I nil .1 diseonformably; overlie.s I nit 4 aiul Htinins a 
thickness of 0 ip, li eoiibisls of a mediinn light grey 
lo liglii grey gyp.vtirende coiilaming vnnahh: 
amuimis of iincidispersed dolomite imid and 
kiiolmiie. line-grained uypsaieniie. and displaeive 
gypsite iiOilules, The unit is iiiiei beddetl with a Finely 
lantinaieti gypsareiiile t>ver Ihe O..S-I0..S m and 
11,5-12 m depth intervals (Fig. shi. Ihe laminnted 
saitienecb consist of alternating mm-tivick wavy 
laminae ol very light grey, sugary, fine lo 
inediiim-.graiiacd. wc|l-soaed gypsum, liner ( I mm 
Kiick) laminae ol medium tlark grey, oplieully 
oricnied kaohniie. and light grey luni-thiek lainmae 
of medium grained gypstiieniie in a mairis of clay 
and iiolimiiie nuiil. (’lay draping is coipmon ,\ 
iiicire-iliiek Itiyer of fine I" tnediuin-grtiinetl, 
nioderalely-sorletl gypstirenile separates ilie 
l.imiiiriled inlervuls. 

The gypsuni-elay laminae i.iverlie a gypsarenile 
l.vyet which consists olTandonilv and Huh-veriically 
oriented pyraimdul gypsum cry.stals within a mall is 
Ilf saeehamidal iliilomite tFig .To). The gypsum 
ervbi.'ils are lelfiiivelv wale across the c-axis and 
show variiible uram-si/e ami degiee of sortiig \ 
em-lhick layci ol pyramidal cryslals orienied parallel 
to heilding. ami showing liiilc vaiuilnlity in 
giaiii-si/e.. is also present, /oiling tif eiystals s 
ctimmon iiiid mtiy be atirihiited lo’ I ) the 
ineorporniioii ol iron iixidos tilong cleavage planes 
and erx'sial hoiimlaries during n ehaiige in ilie gi'ovvili 
mio or tliiring Selteiive dissolution of llie civslal 
(Fig. -( 01 . 1) eiyslal grovvlli aiiniml u deliilal eiHc 
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ll'igs. 31'. g): 3) the development of gypsum 
ovcigpiW'ihs at the margins of gypsum erysUiK 
which lack optical comiimiiy w.'iih ihe rest of the 
erysltil. In tliis sense, the prc-exisling gypsum 
cTvslals provide a nucleus llii MiKscquem gypsum 
grot' th: and 4) selective di.ssolulloii followed by 
re-prccipilation of eeiiual and marginal pans of 
cryslals, All ol'ihose IctUiires have been observed in 
this part of the unit. 

The repetitious iiauiic of the cTav ttnti gypsum 
laminae hears a sinking resemblance lo similarly 
vnrved sequences from Fake Tyrrell ( Howler A- 
'U'llei |4HA). i’mngle Fakes iMagee 1491 ) and Lake 
Lyre (Magee iv al. In Fake Malala. ihe 

imliviilnal lamuuie consist of; li line to 
eoarse-gruiiietl. levcrsely graded closely-packed, 
mairix freis, hori/oniallv orienied prisinatii gypsum, 
2 1 relalively ctiarse-graineil, frequcnlly reversely 
graded- hori/ontally orienied. prismatic gypsum in a 
matrix ol non tiricnled day (Fig 3iii. Ilerc. the day 
contains abtindtiiii iron ovides ami minor 
lilie.-gKiined. displaeive. veiliealiy orientcil 
pyr;miid;il gypsum' and 3) opiicallv oriented day 
(kat'liiiite I with minor Iron oxides and niiiior 
coarse -grained pnsmaiie gypsum dug. ,5a). The 
laminae are e.iually spaced .md cydie. 

Ihc gypsarenile ovcilying the gypsum-day 
laminae consists of medium to eoarse-grainctl, 
poorly-sortetl. pyramidal gypsum m a matrix ol' 
iioii-orieiiiod day and sacdiamidal dolomite willi 
iihundant gypsite noilules. I lie gypsum is randomly 
oricnl.iteil to bedding and di.splays perfedly formed 
polyvrystalline disenids under the SLM d ig. 5b). .A 
small number of the crystals, howev er are pn.smalie 
am;l oriented ptirallel to bedding. I lie gypsite nodules 
are several mm in diairietei. displaeiv e anil eoiisisi of 
sili-si/od pyramidal gypsum forming luatri.s-lree. 
eiimuliis-snaped diislers. lion o.xides are abumlaiii 
and occur along cleavage planes of the pyrainidtil 
gypaurn cryslals. I raduriiig anil apparent reworking 
ol a number of crystals are evident (Fig. 5ei. 

/ i/ii fisiisiin nih' 

Fill! 2 coiisisls o) yellow isli grey to light olive 
grey, slightly muddy, iiieclium lo coarse-grained and 
piaiily-sortcd gyp.sareniu*. The unit is appruxiniatcly 
5 m in thiekiiess tiiul sliaiply overlies I mil .T The 
mud Iraeiion consi.''l.s oF dotomilc with miriiir 
amounts orddritui kaolinite, heconiing iiitreasingly 
culciic-rich dow-Mg calcite) towards the top of ilie 
unit w here dolnmiie and kunliiiiie are present only in 
trace arnounis Kjolmiie is occasionally incorporaieil 
williin gypsum cleavage planes (Fig. sil). 

( emimdro-ihitk laiiiiiunioiis of idalivdy niudtiy 
gypsarenile iiliernating w ith le.ss muddy gypsaa'iiile 
are cmimion between 4..''-.'' m and 3.5-4 in. ,A 
tiediiidre-tliick layer of greyish yellow green 
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kiiolinite is proscnt hclwuon 5 .ind 5.4 m uverlyinu 
a layer ill' coarse-^raineil ilispliK'ive 

liisenids I'f pyrainidal aypsuni measuring ubmn 
I cm III Ifiigtli. Whito, invgiiltiv iiml ilisplaciw 
gvpsiie ikkIuIcs ami gypsile layers are euiiimuii 
lieiweeii 5.5 and (i m. In Ihin secnoii, ihe 
gvpsareniie eniisisls ol pyianiidul eiyslals uriemed 
Kiiidumly and snh-veiiieally lu bedding dispersed 
wdlim a eaihoiKile (ealeile and duinmite) m.ili'ix 
(I'ig. 5i:). Ciypsum gram si/e is variable, wilh 
individual eryslal.s ranging liom less tluin I nnn lu 
I I'm in lengtb. (.iypsile nodules also eon.sisi ol 
laiidoiiily ulieiiied pyramidal gypsum eiyslals 
limvever. llic crystals ueeiir as poorly-develnperl 
diseouls and lunn dense. displtKive, niabis I'rec 
iindules wiiliin slighily muddy gyp:-.aieuiie. 
Alllioagh ds'ifitid cores conlrihiiie lo erysial zoning. 
Ihe niaiorily ol'llie gypsuni laths are 7oncd due 'o 
dis.soliiiion and rapid re-preupilalion of gypsiun 
(l ie. 5e) barge, bladed. oeea.sioMallN traeuired and 
iniergi'own. prisniaiie gyp.snm up to I em in lengdt 
Is eonimon near Ihe base i*l the unil. where it show, 
replitcemcnl by low -Me ealeilc (,'l along the 
eleavuge planes. Miiioi' timoums of lion/onlally 
oiioiHed prismaiic cryslak and eliislers ol iron 
ovide uimei'als (My rUI (ire also Jssoeiiitotl v\illi 
Itns layei. 

/ nil I: Ci\/i'>iiiviiiic 

llnii I consists ol' olive ercy, muddy, mudiimi ui 
eoaise-grained, |HK'rly -sorted gyp.siiremie 
inicrbedded wilh cni-lhieK laycra ol gypsile ami a 
dm-ihiek luyet n1 organic-ricli olive blaek low 
magnesii.m ealeite mud near the base. Die imii is 
approsimatelv 7<i cm thick and sharply ovcriics Onii 

I'he gypsum is pyiamidal, with individual long 
c-a\cs onciUcd randomly or sub-vcriically lo 
bedding. The eiysiuls occasiorKilly show inclusions 
ot'mnd. indicative oP fast giowih rales within a mud 
mulriv iKuslner l‘>7(i). ( liiFacrs ob iron o.vides are 
present IciCally. Only IJiiil 1 Is rcpiescnied wilbin llie 
piston Core Ib'lfv. I ly. I ) 

Intel pretatinii ul ilepositiniial enviiuiiineiils 

Ihe siraiigrijplne seouenee lellecis largely 
jii'oimdwiiler eonirolled oseillaiions in lake levels 
associated with Immid ami arid climalic episodes, 
which in a veiiieal sequence arc marked hy iIk 
presence ol stiliiie lacustrine laeics luirboiiaies and 
evupoiilesb mlerinillenl aeolian deposilum o| 
skeleial peloidal sand luncile-biiilding and 
pedogenesis rjl marginal legioii.s. 

nv. < i nl ilic C.hiHlcin:irv 
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baininaleil elay-ridi gypsaivm'le lUml 5). wliieli 
disconlnmiubly overbe.s wealhereil hasemeni gneiss 
III llie region, bonus the base of (lie lucusirine 
sequence I'lic clay was mosi likely deposiiciJ in 
lopogiaphic lows as chaiinel miiorc during a 
relatively pluvial period, with Ilow and erosion 
initialed during and alter heavy rtiins Dcposnion 
may have oecurrml m the early Pleistoeene ptiof to 
Ihe initial omplaeemeiu ol die siib-paraholii' dunes 
ea. 700 ka I Wilson I'lU) wiileli hurieil vast areas ol 
llie land siiilaee ,iiid played a key lolc io llie 
Ibiniaiiuu til llic lake basins and die regional ai|ioler. 
This II, siipporied hy the ahsenee ol' skeletal peloidal 
alloiliems vviildn ihc elay whieh would oiberwise he 
espeeted lo he transported wilh the Ilow. with 
enleaivoLi.s snml and gminsuine ot.LUiTiiig luglier in 
the siraligiaphu' sei|ueiice. Laminuiioii nb ilavs in 
1)1 1-5 in as.',neianon with gypsaieniie. suggests 
mienmdeiii. possibly annual depo.siiion coiiimllcd 
by die diir.ition and Ireqiieney ob the pluvial 
episodes. Pegioiiully. ihe elay probably rL'piescnis a 
relaiively low Ilow-' regime, where only elay-si/.ed 
parlieles with a veiv rme stiml I’rtiviion are dcposiiml 
III die cciilie ul the basin. 

Dejiosiiion of skeletal pidoidal sand:, il.ml 41 i.s 
mosi likely lelated lo W ilson's (1001)- phase I tea 
40(1 ka) or early phase II tea. 7.20 kai emplacement 
obllic Hi'idgewaler I ormation snh-parabolie duno, 
I'lie skeletal peloidal sand diseonrormably overlies 
ba.semeiU cl.ny and .shows intense duigenesis and 
strong eemcmtiiioii in the eeiitiv ol'tlie l.ake .Vlidaia 
basin, It is discon t’ormahly ovorl.iiii In lacii.sirine 
gypsareiiiles in l ake Mtilala as imliealed by sharp 
lilholugical disconlimiilii's and the present e t)l 
induiaiod hon/tms ahose ami below the mm. winch 
tire (he residt oriaibaerial expo.sure and pedogenesis. 
Pepusdum ol Uiid 4 is closely related lo the I ake 
(Vlalala lorediine ridge, tleposiled during a prolonged 
(iluvial phase ea. .MO ka ( 1 )iiikicwiez e/ iil 2<Kl2i 
'Ihe skeleial peloidal sand has undergraie mcliiraiioii 
aiul eenieiHalion paiily due to stih!ieri!il evposureunil 
parily due lo piceipnalion ol'phrealie iuieigi.uinlur 
eemcm, whieh relloels alicmaimg groundwaiei 
niieluulious. Ihc iiuliiiated (pedogcoic) luiii/c.iis 
indicalc minor bieaks in depusilioii of the sand, 
which is controlled largely hy seilinienl supply and 
die iiitensiiy oCthe westerly winds Uelalivdv irunot 
anu-tinis ol'laeusii me earbotiaie have been deposih-d 
imermiiienily wiihm ihe sand. (oiitimg 
discominiioiis inierheds, as eoiidiiums hceamc nuiie 
pluvial boi' sboi'l-lived periods ot'iimc. 

Vast anioiinls ol the mobile skeletal poloiiliil saiul 
woiilil h.ave been transported inlo the basin (iiioi lo 
dime stahilisalion. during Ihe lamlwnnl inigraltoii ol 
die dimellcld and during subsei|uenl episoiles ob 
dime te-aeiiviilion I lie sand was irnnsporti'd iiun llii- 
Inkc basin nuvaly by die strong prevudnig wesleihes 
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iiikI purlly hv lncnl riuiolT \shicli (Jraincd llu- 
''Ub-puriihuln. tluiies l iTipl-.K.-L’mcnl ot ilic lirsl pluisv 
ul iskelelal pcIoiJal sand iniiiatcd (liu ronnatiun ufn 
Duijui iniconruiutl ai|iiili.T and iliu unset nriaciisiritK* 
aiibonnie deposiliitn. The lake al Ihii lime was 
relalivcK iVcsh. aiul llie reduirye rules hiuh. I'he ca. 
3l'i ka Lake MalaUi ndgc ami abundam dissolulimi 
fealiires in the recbaie.e aquirerand vvitliin the Lake 
Midata basin iiulicatc evidcnee fur liigh gnuiniLvater 
lables. Dissulnium ol' alluehems, p:iri|eularl> during 
the fVeshemni; leeliarye episodes, was esseiiliiil in 
pun idini: sul'Ucieiil inns lor the snbseguenl diernical 
pa’cipitalion of low -Me ealeiie. 

I he skeletal pelniilal sand ev|u'rieiiee^l some 
mworkhm wiihin the Ivasiii, as iiidiealetl by Ihe 
I’fesenee ol a relatively linn layer of the sand 
merlviiiti lamlnaled gypsareiiite in 1)11-5. In ihis pan 
(.i| Lake Malatiu the sand evperieneed induraiimi and 
pedoiientsis as reflected in the pivsenee ol a 
eryploeryst.llliiif mienle eeivienl and displacive 
pyramidal evpstini as.sodaicd with a niiduaimy 
waiei tulile. Pedoeenesis appears to lutve bni,n 
patiicularh eiTeeiKe in areas, of Intciul iliinnine ol 
the saml'iiAiiii'toiie and may be related to ihe lole of 
Uie guinislone as a lediarue aindtiil and prefcrenlial 
dryine ol low recharee parts cd'ihe lake. I hiek beds 
ol skeletal peloidal graiiistonc, on the other band, 
evpei lenced intense diajeenesi.s m llie foini of 
euilAniale e\ aporilc I'abries related lo oscillatinns in 
eroandwaler mnl ihe phicatic diageneiie 
eiivitoiimeni (e.g., UH-4). In partienlai; earboiuite 
eeiiiems fornied ilorint; periods of meieased 
phivialiiv, lelalively low e\ aporalion' iiinm\ latios 
a.ssoeialed vvilli relatively high lake levels ,and low 
salimiies. The dolomite repieseiiis a eombinaiion of 
teplaeive and void -rilling eemonls linked with 
labrii'-seleclu e dissoliilmn ol allodienis. Gypsum 
cements arc void-blling and post-date earhonaie 
leiiienljtioii. ?hey weie lonned diiiine arid periods 
ihaiueierised by hieli evaporation inllovv ratios anil 
low lake levels. 

lolkucing (lie lirst phase ol dune nneration (anti 
lonnaiion ol the ealeaieon.s tcehargt aiiiiU'er). the 
lakes were miindalcd vviili earbtmaic-enriehetl 
eiouiid and snifaec wider, with soluies deriv'etl 
laii'.ely ilimngh the dissolution ot skeletal and 
(leloitlal alluehem.s. This is evideiii m the lirst eycle 
1)1 diagenesis m Ihe skeletal peloidal groinstone 
wilinn ihe basin, wlneh is nuirked by ihe 
pivcipiialion of varbonale ceincnl. and in llic 
ooiisiderahle Ihiekness ol ehcmically-precipilmei. 
carbonate mud m regions of former lake e.sieni 
overlying the liisi phase of skeletal peloidal sano 
deposiiinn (Diakiewie/ IdOo) . The thickness ,iiid 
the relatively homoiteneotis nimire of the eiirhonaK 
linns III niargnidl rticas i t>iiikiev\ iv' Idor,)' mdieulc 
ihai precipiiaiioii iieeuiied imdci lelalively 
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long-lived hydrologieallv and ehmaiieHlIy iinifoiin 
eonthtions in a low energy, open-lake eiuiionment. 
file earhoiiule mud units correlate with laminated 
gypyarcniie ip l.ake Mal.iia (1)11-5) from which 
several melics of caibonale have been removed by 
dellalion daring the eoitslriieiion ul earhonate pellet 
lunettes over a period spamiinu cn do to 15 ka 
(Diitkiew ie/ t'l at. 2tl(l2l, li is |iossible dial Ihc 
indurated liuri/ions separ.iled by iiiiliihilied 
earPonale niiid vvilliiii these deposits are rckited to 
lunelie pedogenesis a.ssoeiatvd with major falls in 
groiindwaler levels iDuikievvie/ ci at. dutli), 
Possibly due lo Iniriul uiiil nioisUuv eunlenl, 
earboiiale .md day pellets iissocialed with hinette- 
huilding have not been detected at depth wiibin the 
mild •.equeiiee.s. 

Deposition ol the skeletal peloidal gralnsltmc in 
Lake Malala was followed by the onset of alleniatiiig 
shallow and relaiively deep saline eondiiions 
assoeiated with liequeiil gnmiubvater lliicluations. 
This IS illustrated by the presence ofa distmei. Ilnely 
lamiintlcd gypsarenilc sequence (Unit it eoinprising 
allcmaiing laminae of day and prismmie gypsum, 
whidi overlies the skeleial peloidal erainstone 
towards the basin cenirc. In Lake Malal.i, earhonate 
sedimcnt.itinn was restrided to maigiiial areas. 
pt'oMnial lo Ihe recharge aquifer, with gypstnr 
deposition connned to cenliuL deeiKT parts of the 
hasin. flic lepciiine nauire and consUiiit thickness ol 
the laminae m this unit suggest an ulternaling 
wel dry. seasonal dcposilional cycle. Clays which 
comprise the thin (• I mm) laminae and represent 
the (Inc-graincd clastic eoinponenl. w ere litm.sjiorled 
into the basin diiiiiig the vvel winter svnson a.s itiiiolT 
which ilniined the eastern and wcslcin elay-neh 
slopes suiToiinding Ihe lake. While the liner elasiie.s 
were iransponed into the deeper, eciiii'al parts of the 
basin, coarser daslies. indudiiig skeletal peloidal 
sand wliieb is eurrvntly eroded from Ihe 
.stih-parabuhc Junes bordering Ihe soiilhern lake 
margin, vvcie deposhed in the iicai-slinie regions. 
Magee (inPl) suggested that n density difference 
hetvveen the diluie mnow and er'iieeniiaied lake 
hi lues would allow ihc fresh lloodwaler carrying .a 
sus|ieiuled clay to glide over the- brine for 
considerable distances prior u< the clay tluvculaling 
and settling to the lake bollom, l.v aporaiinii. 
eoiiibiiied w ilh redticerl inllcw tnlo (be lake during 
live dry months, would subsequently cunecimate the 
sairface brine and allow prisinaiie gypsum to 
prceipiiaic witbm the brine body or at the bnne-nir 
inter I ace. 

In l.ake MaLtia. prim.iry, snbaqueoiiJi prveipilulion 
of gypsum is siippoiled by: I) Ihe absence of 
reworking realures sucli as fracluriiig and rounding, 
tvliiel are mdicative of .ihra.sinn during tmnspoil. 
Itios consistent vvitli crystals growing at the 
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sodimcni-waler iiilerCncc’ | Magee 2) ll’ic 

al'iseiiec ol variable gram si/e vvilhin a Mngle gypsum 
laminae, which is indicative I'rdiageiieiic gtuwih ol' 
ery.slals follnwing dcpi'isiiion: and 3 ) the presence ef 
wavy laminae, suggc.sime llie presence shallnw 
water I herel'nre, gypsum comprising the laminae is 
nl’ llie ■•seliled' variety of Magee (Iddl) having 
li'rmed at the brine-air mievraec and then settled to 
the lake sedimciUS as described by Schreiher ci ul. 

( pjK2). t ciai'seinng-upvvards of the gypsum erystnls 
suggests that the suir.iee brines became increasingly 
saline anil supersaturaieil towards ilie end ot’ Ihe dry 
season, produeing larger and fewer crystals 
(Sebreiber I‘.I7S; Magee In order tor 

subuquerHis gypsum tu prccipilale and uceiimiilale in 
sigiiillcant amounts, the basm must be gioumlwalei 
contiollcd and contain permanent saline w aier w liieb 
IS mainlaincd only iilien the basin receives a 
eonsiani supply of water and evpericriLes liigli 
evaporuiioii rates ( Koscti 1 ‘)94i. 1 he pmsenee ofclay 
within .a number of the g,ypsum layers is related to 
brief Hooding episodes di.irinu ihe dry phase, vvhicli 
apart from supplying niie-graiitcd elastics to tlie 
lake, arc insufficient to dilute the lirine below the 
level ofgyp.suin .siiiuraiioii. Iron oxides arc supplied 
cither during the flooding of the basin evr are Pic 
product of .sulpluile-rediiciiig bacleiia oxidising it.ui 
sulphides'. I he cycle is repeated w'ith llie iicst wet 
episode, during which cl.ay drapes tlie underlying 
•aypsum. This provides an impervious layer wliich 
seals the gypsum and prevents it from Lindergoing. 
ilissolullon. us tliL brine freshens by mixing with (lie 
dilute inllow. 

Mceh.miMii-, involved in oi leiitaiion of rlay 
particles aic |Uit completely undtrsUiod A luimher 
ol propo.scil mechanisnis have bceti reviewed by 
.Magee ( Ih^tl I. alihoiigli to date veiy little work lias 
been done on Inghly oriented clay particles Most 
iioievvoi'tbv coninbulions by Mead tlVltuTi and 
Siiiiiicnf'eld (l')S4| suggested compactioii, 
dc-walci'ing oi elnys and nocculauiiii a.s pisssihle 
controlling tiiciors in panicle aligiiinciu. Itowlei luul 
IcIICT (IP.'sb) suggcMed that forniation and 
pre.vervmiriii of orienleil clays in saline LicuSliinc 
cm uiiiimenls is depeiuleiil on sulinily and Ihe 
aeiiviiy of benthic iiiieio-oiganisms. I hey propo.-^ed 
thill deep water, aerated, low salinity eiu itonment.s 
would -luppon seuvengiiig organisms ivhtcb are 
likely to disturb orieiiled clay panicles. ( )n die oihet 
liarid orgruiisms eannol beeome esljiblished Lindet 
eoiidiiinns of e.xireme salinity and iranspoiied clays 
are able ni flocudate and sellle undisturbed. Sinee 
mietofaiina is reiaovely raiv (or rarely preserved) m 
l.ake Mulaia, the explanation of nowler and feller 
( I'tko) pvovide.sa likely mechanism forelay panicle 
alignment in the laminae ilocuoienied here 

roiulitions following the .seasoiud dep<>sition of 



the gypsum-clay laininiie changed draiiiutically 
w ithin the Lake Malatii basin as lake levels dropped 
Tliis w,is due to an overall increase in tho 
evaporation/inllow ratio cau.sed by a decrease in 
pivcipitation, whicli is the mam source of recharg.e 
into the lake, aiuhnr a decrease in the fraeiioii of 
eioundwaler lost due to leakage ihiniigh an 
increasing impermeable skeletal pcloidtd grainstone 
(nuikiewicv cl nt 201)0). Sediments cliiecMy 
overlying the laminated sei|uenee arc no longer 
varved and are domin.iied by pyramidal latlier than 
prismatic gypsum (unds 2 and .'). In fiiei, pyianiid.al 
gypsum is the most common form of gypsum williin 
the evaporite beds and eumprises litick units \viiliin 
L.ake Nlalala and I .ike (mecnly. Pyramidal gypsum 
has been loiiml in inaliy coastal settings sueli as I lull 
ani.l I eeman Lagoons in Western Ausifulia (.Aiakel 
IPSO). ■Irucial Coast (Shearman lOho) and more 
leeeiilly in L.ike Tyrrell ( Bow ler iVt Teller lOKb) and 
Prungle Lakes iMagce IWl). Unlike piismalic. 
gypsum, whieh form.'t wilhm a siaiidiitg bi ine body, 
pyramidal gypsum precipilales inlersiilially foMu 
sainraled pure walei.s iinniedimely below' Hie 
■Sediment smfuce wiihni die c.apillary /one umJei the 
mllucnce of high cvapuiation rates ( Bowler be I'ellei 
lOSb). In 1 ake M'alala, d is commonly foiiiul wjibin 
a carboiiiUe.’elay matrix, where it either completely 
displaces the survoiiniliug mairix fonning mud-free 
uyp.sarunile, or ulideigoes iliagetictic growth with 
g\ p-..iiuiite.s liccoming eourse-.giained -ind 
poorly-sorted while isolated crystals become 
nuissive and reiicli .seveial cenlimelies in length 
Absence of solid inclusions within the massive 
gypsum indicates slow growlli undoi umfonTi 
eoiulilions (K.’isiner l')70). Pyramidal gyfisum 
comprising 'jyjisarcniies. on the otliei hand, is 
generally cloudy due to the incoiporaiioti of 
impurilies, sliggcsliiig fasi growth hiuler uniform 
conditions w here the gypsaicnilcs arc inodcialclv to 
Well-sorted, Olid iion-iinifurm eomhlions w hore ihc 
gypsiirenite is poorly-sorted. 

Bow ler & Teller (|oS(i) suggested lhat scdiii'ciil 
layeis eoiitaining ahimdanl pyramidal gypsum 
irvstals I’nay he good indicators of past nucinaiions 
in eioi.iiijwnier. Tlic fact dial pyramidal or discindal 
gjp.siiiii comprises gypsum hmcues, 'foredunes olonc 
the eastern inargin ol Lake Malala in itself suggests 
seasonally oscillating hydrological condnions 
iDuikiewic/ d ill 20()2|. Since the gypsum 
luncnes lorcdimcs contain only traces of carbonate 
or clny pellets, it is the gcncndly mud-live thick 
gypsai'eiiite beds.aich as Units 3 and 2 w liich are the 
mo.si likely source of die gypsum. In (his scenuno. 
gypsum is reworked liy wave .action during a 
relatively wet Cfiisodc and deposited at the e.islern 
lake iiiaigiii. w here it is sub.sci|uenlly detlaled iiitoti 
liinede or loicdune din ing the newt dry episode I he 
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slMi.soiiuI ilq^osilion ofllic gvpMmi rorcdune niitiiics 
ihi.' t;;iflier dL-pAsiiion of the gypsiim-clay laminae, 
which are no longer forming due to an overall dro|) 
III lake level and a shil'l from a throtigliHow to a 
lelanvciy dosed discharge basin. As advocated by 
Bowler (U>R3|, neui-siirraec precipitation ol 
gypstim and other stdt.s assists in pelletisation of 
lacuslrine mini and day. T his process is required for 
ddlalion of mud and day from the lake -surlhee and 
is pttssible only under a groiindwalcr discluirge 
regime T he general absence of gyp.sum within 
carbonate pdlel lunettes indicates tltat most of the 
gypsum precipitalcti a.s groundwaters rose slightly 
and the enpillarv liinge reached the lake siiifaee, 
following a period of ddlation and oscdlaling low 
water tables. 

llnils I anti 3, which comprise the Lake Malala 
sequenee. eorrelaic well with the alternating 
carhmialc-cvupurile beds In I ake Greenly 
( rTiiikiewic/ eVt von der Horch IhuA), However, 
corrdalion of imliviilual beds is impossible, partly 
due lo tldlHiion ol . several metres of carbonate and 
its subseqtieiit deposition along the north-caslcni 
margin ol Lake Malala I Diilkiew ici'crtry. 21)02), dinl 
panly due lo locad hydrology, gcomorphology and 
aquilet characteristics which control the tieposilion 
ol carbonates in one basin and evaporites w ithin ilte 
other basin. However, within a single verlieal 



sequenee. the carbonate beds are associated with 
liLimid conditions ami relatively hiw' 
evaporaliominnow ratios, whereas- the gypsum is 
assueiuiexl with and conditions and relatively high 
evaporation/in (low' ratios, rherinolunimcsceiiec 
daimg orcurboiuiie-pdlel lunettes suggest that these 
humid-arid oscillations may have been operating 
since ca. 10 ka. whicli post-dates the majority ol’ 
carlionate pellet luiiclle deposition and overlaps 
with formation of the gypsum lunettc/forcdunc ca. 
5.6 ka cal BP ( Diilkiewicz d til 2002). 
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